The present investigation was undertaken to optimize the level of ingredients (milk fat, sugar, and mango pulp) for functional dairy beverage using Response Surface Methodology. Central Composite Rotatable Design with milk fat (%), sugar (%), and mango pulp (var. Chaunsa, %) as independent variables produced 20 different combinations that were used to investigate the effect on viscosity (cP), antioxidant activity, and overall acceptability. The response surface three dimensional graphs were plotted as a function of two variables to show the effect of level of ingredients on physico-chemical and sensory properties of the beverage. Significant correlation models were established with the coefficient of correlation (R 2 ) greater than 0.8. An optimization of process variables was attempted for maximum antioxidant activity and overall acceptability. ANOVA tables revealed that increase in fat and sugar levels lowered the antioxidant activity, while enhancement of mango pulp significantly increased both antioxidant activity and overall acceptability of the beverage. The optimized levels of ingredients were 0.5% milk fat, 6.0% sugar and 30% mango pulp.
Consumers' approach to healthy and functional foods has been changed during the last decade. Boosting the health of consumers through consumption of healthy food has become more important than simply enhancing the life span. Functional dairy beverages are a key segment in the rapidly growing functional food market and are indeed a realistic approach to consumer's expectations for boosting the immune system, relieving stress, improving intestinal health, increasing vitality and stamina, controlling cholesterol and body weight, and fighting against degenerative diseases (Ozer & KirmACi, 2009) . Modifications of dairy products include replacements or reductions of fat, cholesterol, sodium, and calories and addition of beneficial components, such as calcium, fruit pulp, fruit juice, etc. The prevention of potential age-related health issues, such as coronary diseases, vitality loss, and bone weakness, are the areas of recent interest (Smit, 2003) .
In the last decade, much attention has been focused on naturally derived substances that provide antioxidant effects to human beings (MAkhLouF et al., 2011) . Fruit and vegetables are good sources of natural antioxidants, such as carotenoids, vitamins, phenols, flavonoids, dietary glutathione, and endogenous metabolites. Dairy based beverage supplemented with natural oxygen-scavenging ingredient has the capacity to overcome the consequences of reactive oxygen species (WAng et al., 2009) .
Response surface methodology (RSM) has been successfully used to model and optimize biochemical and biotechnological processes related to food systems (LiyAnA-PAthirAnA & ShAhidi, 2005) . RSM enables evaluation of the effects of several process variables and their * To whom correspondence should be addressed. Phone: +919872163989; fax: 91-161-2410293; e-mail: preeti_cft@rediffmail.com interactions on response variables (Ozdemir et al., 2008) . The versatility of the antioxidant defence system implies that it is capable of taking advantage of diverse antioxidants provided by the diet, as well as use of a particular antioxidant nutrient (JACoB, 1995) . Therefore, the investigation was proposed to study the role of antioxidative components in fruit (mango) and other ingredients in fruit based dairy beverages and assess the physicochemical and sensory properties.
Materials and methods

Materials
Whole milk was procured from College of Dairy Science and Technology, Guru Angad Dev Veterinary and Animal Sciences University (GADVASU). Milk was separated at 35 °C in a cream separator (Elecrem, France) to obtain skimmed milk. It was pasteurized and blended with the pasteurized standardized milk (4.5 percent fat) to achieve the desired fat levels. Mango (var. Chaunsa) and sugar were procured from the local market of Ludhiana, Punjab. DPPH was procured from Sigma Aldrich, USA. All the chemicals used were AR grade. Mango pulp of fine consistency was prepared and pasteurized at 90 °C for 2 min (ShArmA, 1999) . It was hot-filled in glass bottles, sealed, and refrigerated for further use (Fig. 1 ). 
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Experimental design and statistical analysis for optimization of ingredients
Response surface methodology (RSM) consists of a group of empirical techniques for the evaluation of relation existing between a cluster of controlled experimental factors and the measured responses, according to one or more selected variables under investigation that are necessary for achieving a more realistic model. Three variables were selected to find the optimized level of ingredients for functional dairy beverage using Central Composite Rotatable Design (CCRD). The independent variables studied were milk fat (%, v/v), sugar Acta Alimentaria 43, 2014 content (%, w/v) and level of mango pulp (%, w/v), while response variables were viscosity (cP), antioxidant activity (% inhibition of DPPH), and overall acceptability. The ranges of the experimental variables used in the study and responses obtained are given in Table 1 .
The central values (zero level) chosen for experiment design were milk fat 2.5% (v/v), sugar 3.0% (w/v), and mango pulp 15.0% (w/v) in developing the regression equation. 
Selection of relevant variables and experimental ranges
The initial step was selecting the experimental ranges for the independent variables. The optimization of milk fat is important as low fat milk drinks lack the particular mouth feel provided by fat, while high fat contents lead to high calorie intake. MittAL and BAjwA (2012), using empirical method, evaluated the effect of levels of milk fat (0.5-1%), sugar (0-6%), and mango pulp (0-30% var. Dusehri) on physico-chemical and sensory characteristics. For the present study, the CCRD was chosen to design a series of experiments and provide statistical and graphical data to determine the relationship between the responses (viscosity, antioxidant activity, and overall acceptability) and the three independent variables, i.e. milk fat, sugar, and mango pulp (var. Chaunsa), with the specific ranges (Table 1) .
Analyses of the response variables
1.4.1. Viscosity. Viscosity was measured with Brookfield viscometer (Model LVT) at 20 °C using spindle no. 2. The spindle was inserted and adjusted to the marked level in the sample container and viscosity was measured as dial reading at a speed of 12 r.p.m. after 5 rotations for each sample. The viscosity was calculated using the following formula:
Viscosity (cP) = Dial reading×factor* *Factor for spindle 2 = 25 (at speed 12 r.p.m.)
1.4.2. Antioxidant activity. Antioxidant activity was estimated using standard procedure of DPPH (2,2-diphenyl-1-picrylhydrazyl) assay (TePe et al., 2006) . A volume of 6.0 ml of DPPH solution (0.2 mM in 80% methanol) was mixed with 2.0 ml of each sample. The samples were incubated for 30 min in dark at room temperature (25±2 °C). The absorbance (A) was measured at 518 nm by using Spectronic-20 (Bausch and Lomb, USA) spectrophotometer. The percentage of the radical scavenging activity was calculated as percentage inhibition of DPPH radicals using the following equation:
2.0 ml methanol (80%) plus 6.0 ml distilled water was used as a blank. For the control, DPPH solution replaced distilled water.
Overall acceptability.
All milk drink samples were evaluated for appearance/ colour, flavour, body and mouth feel, and overall acceptability by a semi-trained panel of eight judges from the department using a nine point hedonic scale with scores ranging from liked extremely (9) to disliked extremely (1) (MeiLgAArd et al., 1999) . The overall quality scores were calculated by taking the mean of all three attributes.
Optimization and validation of the model
'Design expert-8.0.7.1' software was used for regression and graphical analysis of the data. The optimum values of the selected variables were obtained by solving the regression equation and also by analyzing the response surface three-dimensional plots.
Results and discussion
Fitting the models
The experimental values for responses (viscosity, antioxidant activity, and overall acceptability) ranged from 1.343 to 28.49cP, 7.245 to 58.80% and 6.73 to 8.54, respectively, under different combination of levels of milk fat, sugar, and mango pulp. The fitness and adequacy of the model was judged by the coefficient of determination R 2 . The coefficient of determination (R 2 ) for viscosity, antioxidant activity, and overall acceptability were 0.8336, 0.8887, and 0.9400, respectively for the regressed model, suggesting a good fit.
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The significance of each coefficient was determined using F-test and P-value. The F-values for all response models were greater than the tabulated F-value indicating the adequacy of the models to predict various responses at different levels of ingredients.
Analysis of response surface
2.2.1. Effect of levels of fat, sugar, and pulp on the viscosity of mango based dairy beverage. Fig. 1 shows that the variation in both fat and pulp had a pronounced effect on the viscosity (cP) of the beverage. It reveals that on increasing the fat content a significant increase in viscosity is observed. Similar findings were recorded by PhiLLiPS and co-workers (1995) . Augmented sugar levels have a non-significant negative effect on viscosity as it has the dilution effect on the beverage. On keeping the milk fat constant, increment in sugar and pulp enhanced the overall viscosity of the beverage. All the ingredients have a significant interactive effect on the viscosity of the beverage. The data (Table 2 ) indicate that the model can be better fitted at linear level (P<0.1) and non-significant at interactive level (P<0.1).
The Model F-value of 5.57 implies that the model is significant.Values of "P>F" less than 0.0500 indicate model terms are significant.
Final equation in terms of coded factors:
Viscosity=5.21+2.51×A-0.94×B+5.08×C-0.67×A×B+1.31×A×C-2.05×B×C where, A: fat, B: sugar, C: pulp. 
Effect of levels of fat, sugar, and pulp on the antioxidant activity of mango based dairy beverage.
The three dimensional plot for antioxidant activity of dairy based beverage as the response in function of two factors and keeping the other fixed at middle level is shown in Fig. 2 . The graph indicates that on increasing the fat percentage, the antioxidant activity decreased at a constant level of mango pulp, this may be due to the hindrance effect of fat globules on mango pulp, which inhibits the antioxidative components to show the inhibition of DPPH radicals. Figure 2 explains that the increase in pulp level increased the antioxidant activity at constant sugar content, because of the higher concentration of antioxidants in pulp. Higher sugar content at constant fat level lead to a decrease in the antioxidant activity due to the dilution effect on mango components. In reference to Table 3 Fig. 3 . Figure 3 shows that on keeping the sugar level constant, an increase in the fat level increases the overall acceptability, as fat improves the mouth feel of the beverage. While keeping the fat constant, an increase in the sugar level enhanced the overall acceptability by imparting the optimal sweetness to the beverage. Table 4 shows that an increase in the level of mango pulp significantly raised the overall acceptability scores as the pulp provides better texture and mouth feel to the beverage.
The Model F-value of 17.40 implies that the model is significant. Values of "P>F" less than 0.0500 indicate model terms are significant.
Final equation in terms of coded factors: Overall acceptability = 7.37+0.18×A+0.24×B+0.36×C-0.12×A×B-0.15×A×C +0.13×B×C where, A: fat, B: sugar, C: pulp. 
Conclusion
Response surface methodology was successfully used to determine the level of ingredients that yielded the mango based functional beverage with maximum antioxidant activity along with the highest overall acceptability, keeping the viscosity in range. The second-order polynomial model gave a satisfactory description of the experimental data. The study revealed that increase in fat and sugar content had negative effect on antioxidant activity, while elevated pulp levels enhanced it. Augmented levels of sugar and pulp yielded a highly acceptable functional dairy beverage. The experimental values of viscosity, antioxidant activity, and overall acceptability agreed with those predicted, thus indicating suitability of the model employed. The optimized levels of ingredients for mango based dairy beverage with maximum antioxidant activity and overall acceptability were found to be milk fat 0.5%, sugar 6.0%, and mango pulp 30.0%. 
